interact with host cells. Moyes and colleagues confirmed that all eight Ece1 peptides are secreted from hyphae. Analysis of synthetic versions of each peptide revealed that one, Ece1-III, elicits the same responses from epithelial cells as do hyphae. Moreover, precise deletion of the genetic region that codes for only Ece1-III created a mutant C. albicans that secreted the remaining seven peptides, but did not elicit epithelial-cell responses or cause mucosal disease in animal models. These results clearly demonstrate that Ece1-III mediates the pathogenic activity associated with ECE1.
By what mechanism does Ece1-III exert this activity? Certain chemical and structural features indicate that Ece1-III might function like peptide toxins, such as the bee-venom toxin melittin. Indeed, the authors show that the peptide causes rapid and transient permeabilization of artificial cell membranes in vitro. These activities are enhanced in the presence of cholesterol, a component of animal -but not fungal -membranes. The researchers conclude that Ece1-III acts as a peptide toxin, which they name Candidalysin.
Moyes and colleagues' study establishes that C. albicans hyphae evolved to damage host cells. When combined with our knowledge of hyphal adhesin proteins and enzymes, a simple program of tissue destruction emerges (Fig. 1) . First, the hyphal-specific adhesin Hwp1 attaches to mucosal surfaces 7 . Second, the hyphal-specific invasion protein Als3, acting with the protein Ssa1, binds to receptors on the surface of the host cell, promoting engulfment of the hypha by the host cell 8 . Finally, Candidalysin accumulates in the invasion pocket around the hypha, attacking the host's cholesterol-containing membrane.
This attack leads to membrane permeabilization, leakage of cell contents and a defensive cytokine response, which serves to limit the size of the C. albicans population in healthy individuals. However, impaired defences in people with conditions such as AIDS, diabetes and some cancers permit C. albicans growth and consequent disease.
Every study raises fresh questions, and this one is no exception. For instance, why did a previous analysis 6 find that ECE1 was not necessary for invasive infection? The study in question was rigorous and efficiently tested many C. albicans genes using a mixture of mutant strains. One possible explanation, given that Ece1 functions extracellularly, is that an ECE1 mutant was rescued by neighbouring cells that did express the gene.
Might other human pathogens of the genus Candida also produce peptide toxins? The ECE1 gene is found in only a few other genomes. However, other aspects of ECE1 might serve as good guides in the hunt for prospective toxin genes. For example, a small, highly expressed gene product with predicted chemical and structural features reminiscent of Ece1 would be an excellent candidate for a peptide toxin.
It remains unclear whether the seven Ece1 peptides that are secreted along with Candidalysin have a role in host interaction, or are just hitchhikers. Given that C. albicans spends most of its time as a commensal rather than a pathogenic fungus, it seems likely that Candidalysin or the other Ece1 peptides have roles in maintaining normal fungus-host interactions. Finally, Ece1 seems to be a promising drug target -inhibitors of its production or activity might be effective antifungal agents. Such an advance would be welcome, because there is currently a dearth of antifungal drugs, and the rates of disease and mortality associated with C. albicans infections are high 9 . 
ISLAND BIOGEOGRAPHY

Shaped by sea-level shifts
An analysis of changes in island topography and climate that have occurred since the last glacial maximum 21,000 years ago shows how sea-level change has influenced the current biodiversity of oceanic islands. See Letter p.99
ince the time of nineteenth-century naturalists such as Charles Darwin and Alfred Russel Wallace, islands have played a crucial part in the development of several scientific disciplines. Among these is the field of biogeography, which analyses the distributions of species and the historical, ecological and evolutionary processes behind them. In this issue, Weigelt et al. 1 (page 99) explore how the approximately 122-metre rise in sea level that occurred between the last glacial maximum (LGM), around 21,000 years ago, and the present day has contri buted to the diversity of plant species seen on islands today.
The equilibrium theory of island biogeography (ETIB) was proposed in 1967 (ref. 2) . This postulated that the species richness of an island depends both on the island's isolation, which controls the immigration rate of individual organisms from continents, and on its area, which controls the extinction rate of island species. This theory transformed biogeography from a mainly descriptive discipline to a quantitative and predictive one, and remains the most widely cited theory in the field.
The predictive strength of the ETIB was improved by embellishments such as the rescue effect 3 and the target-area effect 4 , and we now know that the theory applies well to landbridge islands -those that are separated from the mainland by the current high sea level but are actually part of the continental shelf, such as Sumatra or Tasmania 5 . However, the predictions of the ETIB fail for volcanic islands -those that emerged as a result of the accumulation of magma on the oceanic crust and were never part of a continent, such as Hawaii or the Canary Islands. It also fails to work for micro-continents -islands that became detached from continents after the formation of a new oceanic ridge, such as Madagascar or New Zealand.
This failure is attributable mainly to the fact that the formation of new species (speciation) overrides immigration on volcanic islands and micro-continents 6 . Although these types of island may comprise less than 5% of existing islands, they contribute disproportionately to global biodiversity through their high numbers of endemic (exclusive) species.
In recent decades, there has been a shift from the idea of equilibrium in island biogeography to one of disequilibrium 7 . This thinking has been fuelled by the availability of increasingly complex and accurate bathymetric (under water topography) charts, which have revealed extraordinary numbers of seamounts (underwater mountains) and guyots (tableshaped seamounts that were once islands but were later eroded and/or subsided beneath sea level). The general dynamic model 8 proposes that the different developmental stages of a volcanic island control the biodiversity that it harbours.
Bathymetric charts have also enriched our understanding of how glacial cycles during the Pleistocene epoch (from around 2.6 million to 11,500 years ago) altered global sealevel height, and of the effect of these sea-level changes on island dynamism. These cycles have influenced islands' climates, and thus the altitudinal distribution of species and ecosystems. They have also contributed to changes in marine currents and wind regimes, which have affected connectivity, species sources and colonization rhythms 9 . Furthermore, glacial cycles affected the geographic configurations of islands, causing shifts in area, isolation and altitude, provoking island fissions and fusions, and inducing the emergence and submergence of seamounts 10 . However, although there have been some attempts to clarify the role that sea-level shifts have had in shaping the biota of some volcanic archipelagos [11] [12] [13] [14] , the real consequences of sea-level oscillations for current island biodiversity remain obscure. Weigelt and colleagues have taken a key step towards filling this knowledge gap.
The authors analysed 184 oceanic islands worldwide, including volcanic islands and micro-continents, to see how they have changed since the LGM. The researchers assessed island area, isolation and elevation, the number of islands that existed, and the temperature and precipitation on the islands during the LGM and today. They also measured key components of the diversity of flowering plants (angiosperms), including the number of endemic and native species, and the proportion of endemics.
Weigelt et al. found that the number and proportion of endemic angiosperm species found today is significantly higher on islands that were larger during the LGM than they are now (Fig. 1) . However, they identified only weak effects of changes in temperature and precipitation on angiosperm diversity. The authors argue that islands that were repeatedly larger in the past (low-sea-level events occurred several times in the Pleistocene 15 ) might have been sites of withinisland speciation that has left a strong imprint on endemism today. By contrast, species richness was mostly related to islands' current environmental characteristics, suggesting an equili brium with the present conditions.
Contrary to the significant effect of change in island area on endemic species, Weigelt et al. found that shifts in island isolation due to sealevel rise had no effect on the richness of native or endemic species, nor on the proportion of endemics. They observe that the difference between current island isolation and that at the LGM is small, because most oceanic islands are quite isolated and, consequently, sea-level shifts have not significantly varied their degree of isolation.
The authors conclude that considering environmental change during the Late Quatern ary period (the past 130,000 years) is essential to understanding current patterns of island endem ism and its underlying evolutionary dynamics. Furthermore, as the authors rightly point out, future research is needed on other, still poorly understood glaciation-associated shifts, for instance, in ocean currents, wind regimes and species source areas; on the emergence and disappearance of islandsummit ecosystems and their ecological and evolutionary consequences; and on the part that the reiterative emersion and submersion of seamounts has played in the past colonization of nearby islands. Such knowledge will improve our understanding of how current global warming will affect one of the planet's vital reservoirs of biodiversity -the oceanic islands. ■ 
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